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1. Introduction 

TEM (Transmission Electron Microscopy) is a powerful 
technique for the investigation of a wide range of materials, 
effects of different treatments, solid state reactions, etc. The 
limiting factor in the exploration of the real structure of 
samples by this method is often sample preparation, instead 
of the resolution of the electron microscope (Kestel, 1995; 
Hylch and Chevalier, 1994). 

TEM characterisation needs a thin section of the material 
that is transparent to the electron beam. Although adequate 
chemical etching procedures are available for some materi- 
als to prepare TEM samples, ion milling is used widely 
nowadays because more and more complex materials 
should be studied, for which uniform chemical etching 
conditions, are no! known, while ion milling can be applied 
!o a wide range of different materials. Therefore, indepen- 
dently of the artefacts it produces, ion milling ha:; become a 
general sample preparation method. Artefacts produced by 
the electron beam during observation also should be taken 
into account (Brown and Humphreys, 1998). 

A number of studies in ion implantation/ion beam modi- 
fication of material:; point out that the structure of the 
sample (the subject of the study) might become modified 
by energetic ions, and artefacts can be formed in this way. 
Although the applied energy of ion milling is relatively low 
(3-10 keV), formation of damage and thus the modification 
of the original sample structure should be considered when 
layers of the material are removed. A review of the damage 
caused by ion milling was published by Barber (1993). The 
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sputtering behaviour of compound semiconductors was 
treated in detail by Malherbe (1994a, b). To avoid the 
misinterpretation of TEM results one should consider that 
ion milling can cause the formation of artefacts. For 
example, in the article of Carter et al. (1986) SiC/Si struc- 
tures have been investigated and a thin amorphous layer has 
been found at the interface. Checking the thicker parts of the 
samples they concluded that this is an artefact produced by- 
ion milling during TEM sample preparation, In this case 
close investigation of the SiC/Si interface was not possible. 
In some other studies, formation of amorphized regions was 
experienced, which lead to the misinterpretation of the 
results (implying that epitaxial layers were formed with an 
amorphous layer between the substrate and the overgrown 
crystalline layer). 

Cleaved specimens for TEM are considered damage-free 
ones, however an amorphous edge of the sample typically 
appears on the HREM images (Rufl'at et al, 1988; Benaissa 
et al., 1994). This can be contamination of the sample, 
which hinders the exploration of the original structure. 

Ion miliing technique and devices, based on experimental 
results, were further developed and modified during the las? 
SO years. Sample rotation during thinning was the first 
method that became generally applied to get a smoother 
surface after sputtering, hater rocking mode and sector 
speed thinning methods were developed to prepare 
uniformly thin slices of layered structures exhibiting quite 
different sputtering rate for Ar ! ions (Bama, 1992). By now 
the aforementioned techniques are included in all of the ion 
milling devices on the market. Some of them can be used in 
retarded field mode (Bama et al., 1997) as well, but for this 
application guns producing mainly ions instead of neutral 
particles are needed. Today all of the ion milling devices 
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provide the possibility of low angle ion beam milling, which 
reduces the ion damage. In contrast, powerful ion guns are 
needed when low angle of incidence is applied, in commer- 
cially available devices the energy of the sputtering Ar" 
ions can be reduced down to 2 keV, but not further. 

Although abundant literature was published on ion 
damage of different materials, most of them discuss the 
damage caused by ion implantation of high energy ions. 
Low energy studies (Hu et al., 1991; Kido and Nakano, 
1990), however, deal with high angle beam incidence 
(close to the surface norma!), therefore the above results 
can hardly be applied for the TEM sample preparation 
case, when low angle of incidence is applied. 

The detailed analysis of the ion-solid interaction during 
bombardment is given by Menyhard m another paper or'th-s 
volume. In this article wc focus on the ion damage which is 
observed as an amorphous cover and edge on most THM 
samples. We discuss the cases of silicon and GaAs. A 
survey of data found in the literature is given in the next 
part. Then, we report on a new, low energy ion gun used for 
TEM sample preparation. Our results prove how the 
damaged layer thickness can be reduced by decreasing the 
ion energy. 



2. Damage data in the literature on silicon and GaAs 

In electron microscopy, ion damage appears in two main 
forms: first as changes in the surface topography, secondly 



as a damaged (typically amorphized) surface layer. Origin- 
ally smooth surface topography can be preserved by sample 
rotation and by low angle of beam incidence (Barna et al., 
1990). However, usually an amorphized surface layer is 
revealed by high resolution electron microscopy. The reduc- 
tion or possibly the elimination of the surface damage is 
essential. 

indirect (RSS, ciiipsoraetry, electrical measurements) 
and direct (HREM, STM, etc.) methods are available to 
investigate the ion damage bombarded samples. A summary 
of the literature on silicon and GaAs is given below. 

2. 1. Published dura of damage on silicon 

Fig. I shows the data we have found in the literature on 
the amorphous layer thickness produced by Ions at different 
energies and angles of incidence (measured with respect to 
the sample surface normal). The astonishingly high scatter 
of the data is obvious. It is clear that few data on low energy 
and grazing angle of incidence have been published. 

The data of the curves (numbered consequently in Fig. 1) 
are taken from the following articles: 

J. Ishiguro et al., 1987, (Curve with experimental data is 
marked by black solid squares, the second one is 
marked by white spheres while the projection of the 
'atter one is marked by small white circles.) Si (100) 
and (111) surfaces were bombarded by Ar ions in the 
above experiment and using a glow-discharge ion gun 
(in a 1EOL/JIT-100 ion mill). Dependence of the 
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damage layer thickness on the orientation of the 
substrate was not observed. The damage layer thickness 
was measured by the ECP (electron channelling pattern) 
method (solid square). The result of the XTEM (cross- 
sectiona! TEM) measurement (marked by X in the 
square) does not show accent ent with the 

data estimated by ECP. The reason for this may be the 
lattice distortion sensitivity of ECP or an artefact of the 
cross-sectional TEM sample preparation procedure (the 
amorphtzed Si surface might react with the glue mate- 
rial, for example). 

2. Bulle-Lieuwrna and Zalrn, 3987. (Green curves.) The 
experiment was carried out in a Gatan/Duai Ion Mill 
Model 600 (glow discharge ion gun) on Si (100) and 
the damaged layer thicknesses were measured by TEM. 
In this curve the total damage layer thickness is given, 
e.g. the thickness of amorphous Si plus the thickness of 
the oxidised amorphous Si. 

3. Schuhrke et al., 1992. (Wine-coloured curves show the 
experimental results, the white ones are calculated.) 
Gatan/Dual ion Mill Model 600 was used for the experi- 
ment and data were measured by XTEM. Winterom's 
tabulated data were used for calculation. A difference, 
Ad, between the experimental and calculated data 
should be note however the tendency in the measured 
and calculated data is the same. 

4. Konomi et al., 1989. (Black squares mark the 
experimental data.) Damage layer thickness was 
measured on Si (100) by medium energy ion scattering 
(ME1S). 

5. Buckiter et a!., 1988. (Data measured for Ar are marked 
by large, black, solid squares, while data for Ne is set in 
while.) The damage thickness in Si (100) created by 
Ne + and Ar + ions of a Kaufman-type ton source was 
measured by ellipsometry and Rutherford backscatter- 
ing (RBS) methods. 

6. Hu et al., 1991. (Large, black: solid squares.) In situ 
ellipsometry was applied in this work to study the amor- 
phizaiion of single crystalline silicon by low energy 
Ar ' ions (100-1500 eV). Here the total damage thick- 
ness is given by the amorphous region with voids plus 
amorphized silicon. Normal incidence of ions was 
applied. Although the above values are indirect dat3 
based on tlHpsomelnc study, the: formation of sample 
artefacts could be studied m this way. 

7. Markwitz et al., 1996, (The measured single point is 
marked by a letter N in a solid square.) 10 14 N ions/ 
cm 2 were implanted into silicon and the damage depth 
was ineasi re. - * i ^ V 

8. Yokota et al., S990. (Large, blue dots,) These measure- 
ments were carried out in a JEOL/JIT-lOO ion mill and 
then by XTEM. Their results partially contradict the 
results of Ishiguro et al., 1987. 

9. Walker and Broom, 1997. (Two purple solid squares.) 
Here the bombardment of Si was carried out by Ga ions 

1 \r or si in a focused ion 
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beam (FIB) device and the data shown were obtained 
by XTEM. 

10. Bama et al., 1998. (Numbers in white solid squares, red 
curve.) High- and low-energy Tefetwin ion guns were 
used. The bombarded samples were coated by a capping 
layer and the damage thickness was measured by 
XTEM. 

1 S. Menyhard, 1999. (Continuous blue line,) Monte Carlo 
simulation (T-DYT1 code) of the damage depth. 

12. Kido and Nakano, 1990. (Single, large dot marked by 
Ge.) This is the only experiment, shown here, which 
was earned out on Ge rather than Si. However, the 
above two elemental semiconductors show similar sput- 
tering behaviour and this study should be mentioned. 
(A) Duoplasma ion source was applied. The extracted 
Ar ' ion beam contains 8% of double ionised Ar ' " f ions. 
A 12-13 nm thick amorphous region was observed as a 
result of 3 keV Ar ion irradiation. This was an ion 
implantation study carried out at a high angle of inci- 
dence. The damage depth was measured by ME1S. 

The thickness of the amorphized region is proportional to 
£cos ©, where E is the bombarding energy, © is the angle 
of beam incidence according to the results of Ishiguro et al. 
Other authors reported on square root energy dependence 
(Zalrn and Vrizema, 1992; Bulle-Licuwma and Zalrn, 1987; 
Bama and Menyhard, 1994). Bama and Menyhard (1994) 
have found that only a weak, if any, dependence exists on 
the angle of the incidence, ©, in the range of 80-89°. 

Despite the contusing high scatter of the data in Fig. 1 
and various possible dependencies one has to consider, 
some definite tendencies can be observed in the curves. 
The dependence of the amorphised depth on the angle of 
incidence (determined from measurements) can be 
described by cosine law if 6 < 80°. The ion energy depen- 
dence of amorphization for Si and noble gases follows a 
power law relationship between the linear and square-root 
dependence for the curves (l)-(6) and (30). Analysing the 
curve No. (9) (Walker and Broom, 1997) we can see that 
increasing the ion energy by a factor of three increased the 
damage depth by five times for silicon w the case of the Ga 
ion bombardement in a FIB unit. We should note, however, 
that the neutralisation probability depends on the type of 
ions. The noble gas ions neutralise upon readily entering 
the solid, while the metal atoms might keep their ionised 
condition much longer, resulting in a different range (Bier- 
sack, 1995). 

Recently, ion milling devices for TEM sample prepara- 
tion (Gatan, Technoorg-Linda etc.) or FIB units, applied for 
the same purpose, use a very low angle of beam incidence 
(85° < 6 > 90 s ). However, we could riot find experimental 
data in this angle-of-incidcnce range. The calculated data 
for increasing © (Schuhrke et al., curve No (3)) show 
increasing difference with respect to measured data (Ac/, 
in Fig. 1). Also, the reality of the roll-off of the curves of 
the T-DYN Monte Carlo simulations (curve No (3 1) in Fig. 
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Fig. 2. Amorphizationdepthdependence(ofGaA.s ■> s i , - - jl i Imi ml' t 8, and on the ion energy. 

Detailed description is given in ibe text. 



1) is questionable. This means that there are no experimen- 
tal data for grazing angles of beam incidence and the calcu- 
lated data are not reliable, despite this being the most 
important range of beam incidence needed to prepare 
good quality TEM samples. 



2.2. Published data of damage on GaAs 

The data found in the literature are summarised in Fig. 2. 
The data of curves No. (1), (4), (9), (10), (11) were 




Fig. 3. Low -energy ion gun. !: back s U tern, 2: hot ring 

i ii snt side cold cathode system, 

6: focusing lens system, 7: electron trajectory, 8: starting position of ions, 9: 
ion trajectory, SO: ion current density distribution at the sample position. 



published in the appropriate articles cited under the same 
number in the caption of Fig. 1 , The experimental setup and 
the characterisation techniques were the same as for silicon. 
Data of the additional curves were taken from the following 
articles: 

13. Ivey and Piercy, 1987. (White, solid squares, green 
line.) Gatan/Dual Ion Mill Model 600 and Ton Tech 
B304/404 Microlap ion miiSs (saddie-field ion gun) 
were used for the bombardment. The damage depth 
was measured by XTEM and calculated from Winter- 
oro's tabulated data. 

14. Kawabeetal., 1978. (Two large, black solid squares.) A 
Kaufman type gun served as a source of neutralised At 
beam. The damage layer depth was measured by RBS 
(2.3 nm at 0.1 keV and 7.2 nm at 2 keV). 

15. Pearton et al., 1990. (Two large, white solid squares, 
orange line.) A Technics Micro Ion Mill, MfM (TLA 
20} was used. The damage depth of GaAs bombarded 
by the neutralised Ar beam was calculated from I-V 
(current-voltage) characteristics and RBS. 

The difference found in the above data are too significant 
to observe any trend. The largest contradictory difleterscc in 
Fig. 2 is between curves (14) (Kawabe et al.) and (15) 
(Pearton et al.) despite the fact that the samples were 
bombarded in both cases with neutralised Ar, and only the 
detection methods (RBS and J-V characteristic measure- 
ments and RBS) were partly different. 

Both for elemental semiconductors and for GaAs, there is 
a high scatter in the published data. The main reason for this 
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may be ihe different ion sources used for the above experi- 
ments. In some of the ion sources, doubly ionised ions can 
be present and can create deeper damage. In some cases 
there is a large difference between the nominal voltage of 
the ion gun and the actual energy of the ions produced; thus 
caution is necessary for comparison of the data. 

As mentioned, grazing-beam incidence is needed for 
polishing of the samples, but in that range no experimental 
results have been published in the literature. In contrast, the 
computer simulation gives unexpected results In this range 
(curve (11) in Fig. 1), which do not seem consistent with the 
next, higher angular range of beam incidence. 



3. Low energy experiments 

3.1. Construction of the low energy ion gun 

A low energy (0.1 2 keV) ion gun (Fig. 3) has been 
developed, on the basis of ihe Teletwin ion gun (Bama et 
al., 1988) arrangement (working in the range of 2-10 keV), 
for '1 M n.pi^ nie - i nd lor i u i i r v 
analytical equipment (AIvS, X PS etc ) (Uarna and Szigcthy. 
1 996). 

Fig. 3 shows a sketch of the low-energy ion gun, includ- 
ing the electron and the ion trajectories according to a 
computer simulation. The electrons start from the hoi ring 
cathode (2), and are focused into the axis of the anode (4). 
The electrons then turned back by an electrostatic mirror 
field (7), and a major part of them oscillate between the 
two cold cathodes (1,5). The process results in a high elec- 
tron density around the axis of the anode. The electrons 
generate sons (8) accelerated into the cold cathode direc- 
tions (only the trajectories of the tons leaving ihe gun to the 
front side direction are shown in Fig. 3). The focusing lens 



system (6) collects the ions onto the sample. The trajectories 
(9) and the ion current density distribution (10) were simu- 
lated at 300 V anode potential. The energy range of the ions 
is determined by the potentials of the anode and by the 
potentials of ihe retarding type focusing lens, 

As mentioned already, one should determine the relation- 
ship between the nominal and actual energy of the ions 
produced by the ion gun (Crockett, 1972), otherwise 
comparison of the data might be confusing. Ion energy 
distribution was measured with a retarding energy analyser, 
for both the cold- and hot-cathode Teletwin guns (Fig. 4). 
(The cold cathode gun here means the high energy (2- 
10 keV) and hot cathode gun means the low energy (0.1 - 
2 keV) ion guns.) 

The main peak of ion-energy range appears for both guns 
over 85% of the nominal anode potential (£/ A ) value, being 
O.S7i7 A and 0.96£/ A for the cold- and for the hot-cathode 
guns, respectively. These data were measured at the nominal 
values of U\ = 10 kV for the cold-cathode and U A = 2 kV 
for the hot-cathode gun. As ihe ion current of the hot cath- 
ode (low energy) gun is high, this gun can be used for 
thinning at low voltages within a reasonably short time. 
High ion current density is advantageous to avoid contam- 
ination (in a usual High vacuum system) as most of the ions 
impinging the sample surface will be the gas ions used for 
thinning (Carpenter et al., 1995). 

3.2. Double ionization 

It is important to clarify whether double or multiple 
ionised particles are present or not in our ion beam, since 
the range might deott < 

energy of the double ionised particle. However, Biersack 
(1993) studied, by means of TRIM simulations, the effect 
of electric charge on the stopping and range of ions of the 



Fig. 5. Cnu r Jevolopid on tin s r 

bombardment by Teletwin ion guns, (a): cold catbot!* at 10 kV, (b): cold 
cathode at 3 kV, (c): hot cathode at 2 kV, fd): same as in (c), but without 
cooiicip. ir.jp. The position or mc possife- projecrdes irtdiecxO in : he 
images; if one of them is no: presenp ihe .ipproprisse iebci is set m strike- 
through leners. 

same energy. He demonstrated that at high ion energies 
there is no dependence, but at low energies the range 
depends on the charge of the ion. Thus the actual ion charge 
must be carefully analysed. Sputtering experiments were 
carried out to determine the multiply ionised fraction of 
the ion beam, by bending the ton beams with small rare- 
earth magnets. Oxidised Si substrates were the targets in 
these experiments, In Fig. 5 the developed craters and the 
interference fringes due to the thickness changes in StOj are 
shown. 

Fig. 5(a) describes the behaviour of the cold-cathode gun. 
"Ion beam cathode" (90% of the beam is Ar + in this case) 
was used in the high energy Teletwin gun and a minimum 
Ar gas pressure was applied. The gun parameters were b\ — 
10 kV, anode current I A — 0.5 mA and ion current !, = 
30 jxA. At these settings one can expect with the highest 
probability the generation of multiply charged sons. The 
main crater developed by Ar ' ions and another crater 
produced by the neutralised Ar ions (fast Ar atoms, which 
makes about I 0% of the beam) can be clearly seen in Fig. 
5(a). There is a hardly-visible crater, indicated on the 
picture, developed at the position of double ionised Ar 1 ", 



Fig. 5{d) shows the crater created by the hot-cathode gun 
with the same setting as for Fig. 5(c), except for the value of 
the ambient pressure. In this experiment we did not use the 
liquid N 2 cooling trap, therefore a relatively high H 2 0 
partial pressure appeared in the vacuum chamber (p = 5 X 
!0 _6 mbar). Ion current in the range 1-2 u.A was detected 
without Ar inlet into the ion gun. In Fig. 5(d) the sputtering 
contribution of H 2 0 is clearly detectable. 

From the aforementioned experiments we could estimate 
that the doubly (or multiple) charged ion content of the ion 
beam of Teletwin ion guns is less than I -2% of the Ar" 
ions. The purity of the sputtering gas (contamination from 
chamber gas can appear inside the gun), is a strong require- 
ment. According to our experience the sample surface can 
easily be oxidised during sputtering with a low energy gun, 
if air or HjO penetrates into the gun. 

3.3. Damage.? at iow energy 

The amorphised depth developed during the ion 
bombarding was determined by XTEfvi in our experiments. 
This is a direct method with the best resolution. However, 
there are several steps, in trie sample preparation piocess "hat 
might also introduce alteration of the surface and thus 
extreme care should be paid to the sample preparation. 
The very first step, removing the irradiated sample from 
the vacuum chamber to air, can already result in modifica- 
tion of the bombarded surface. Generally the damaged layer 
thickness is measured at the perforation edge (if the sample 





Fi j. 6. Steps nf"FI : M SKTiipi,;. prepare- i.-.n { a ) : Rombstdmcnl of the semiconductor surface smf i» iitti deposition nf a pioicctivc coating layer, {by. Smai! pieces 
are cut and positioned face to face, (c): The two small pieces sre embedded into a Ti grid. 
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However, this can hardly be justified since oxidation or any 
other source of contamination of the thinned TEM sample 
can contribute to the damage; e.g. an amorphous edge can 
typically be observed in images of cleaved specimens as 
well. Considering the above, we have decided to investigate 
the extent of the damage created by ion bombardment on 
covered samples preserving in this way the as-bombarded 
structure. 

A new technique and arrangement (Barna et al., 1998) 
was applied for the quantitative determination of the amor- 
phized thickness dependence on ion energy, as shown in 
Fig. 6, The. basic idea is to cover, in situ, the bombarded 
surface with a protective layer and thus eliminate (as far as 
possible) oxidation and surface diffusion which occur 
during the sample -'fabrication" for further study. 

(100) faces of Si and GaAs single crystals were 
bombarded with Ar + ions at an angle of incidence y = 5° 
(0 : - 85° with respect to the surface normal). The ion 
energy was varied from 0.125 to 3 keV using the hot- and 
cold-cathode Teletwin guns. The fresh, ion bombarded 
surface was covered with an evaporated metal film of thick- 
ness in this way =» 30 nm (see Fig. 6(a)). Actually, metal 
deposition was started before the end of ion bombardment; 
to avoid the condition of "ion assisted deposition". The 
applied metal flux was at least two orders of magnitude 
higher than the ion flux (Hirvonen, 1995). The single-crys- 
talline/amorphous/mctal layer system was prepared as a 
cross section sample by our standard procedure (Barna, 
1 992). The main steps of the procedure are shown in Fig. 



6(b) and (c), Al or Sn were used as protective metal layers. 
The temperature during the XTEM sample preparation did 

tion of the amorphous Si film in the presence of the Al layer 
(Radnoczi et al., 1991), nor any change of the shape of the 
Sn crystal grains (2!8'C melting point) has been found 
(Bama et al., 1997), we believe that the sample temperature 
was sufficiently low during the ion milling. TEM sample 
preparation started with SO keV Ar ions to remove most of 
the material and the ion energy was decreased to 3 keV 
before perforation of the samples. The cross-sectional 
TEM sample preparation was finished at the same energy 
that was used initially for the surface bombardment The 
length of this bombardment was half an hour at least, thus 
the damage formed at higher energy was removed by the 
low energy Ar ions. 

The amorphized layer thickness has been determined by 
HREM using either a Philips CM20 electron microscope 
with a normal twin objective lens or a JEOL 4000 EX. 
The [01 1] 2one axis of the ion bombarded single crystals 
(GaAs, Si) was tilted parallel to the electron beam for the 
investigation. Measurement of the amorphised thickness 
was performed only when both the substrate and some 
metal grains could be resolved simultaneously. 

Fig. 7 shows an Ar* implanted Si surface covered by an 
Al protective layer and prepared in cross-section. (The 
images were taken in a JEOL 4000 EX TEM.) In Fig. 7(a) 
the formation of a 4-nm thick amorphous silicon layer can 
be seen as a result of Ar" ion bombardment at 3 keV. The 
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125 eV, The sample was covered by Sn. (a) bcnca'li the Sn protective layer, 
(b) at the periphery of the Sn protective layer. 




surface roughness of the bombarded silicon surface also 
evident (on the left side of the figure). The damaged layer 
thickness decreased when applying Ar" ions at 250 V as 
shown in Fig. 7(b). At certain, parts of the sample the 
damage appears as a disturbed lattice (Fig 7(b)) while at 
other regions a 1 nm thick amorphous layer was observed 
between the crystalline silicon and aluminium (Bama et al., 
1998). The appearance of the damaged layer depends on the 
thickness of the part of the sample that is probed during the 
HREM study. 

Fig. 8(a) shows a characteristic cross-sectional micro- 
graph of the (001) Si surface after bombardment with 
!25eV Ar' ions. The protective metal layer was Sn in 
this case The amorphised thickness was approximately 2 
monolayers (MIA Those kind of experiments should be 
carried out with great care. When the protective layer is 
not continuous one cannot exclude an oxidation process 
during sample fabrication. Fig. 8(b) shows the aforemen- 
tioned case; the substrate and the ion bombardment was 
same as before, but the Sn protective metal layer was not 
continuous (island structure). The thickness of the amor- 
phous lave; changed along the metal island; its thickness 
was more than twice as large at the perimeter, compared to 
under the Sn island (far from the middle of the island). This 
means 'hat the Sn islands could not protect the silicon 
surface from further lateral oxidisation. 

Fig. 9(a) shows an example of GaAs, bombarded at 
1 .6 keV with Ar ions. The amorphous layer thickness was 
about 2 nm. This is not too much for the usual HREM study, 




Fig. 9. Cross-sectional HREM images of GaAs bombarded by Ar ions (a) at i .6 keV (the image was taken at 400 keV) and (b) a! 250 eV {the imagt was nton 
■M 200 keV). 
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but can be further decreased. For the case of Ar-ion 
bombardment at 250 eV (Fig. 9(b)) we could not detect 
any amorphous region between the GaAs crystalline surface 
and the Al protective layer (Barna et al,, i 998). The fact that 
GaAs TEM samples can be prepared with a thinner 
damaged layer than silicon samples is due to the fact that 
GaAs is iess sensitive to oxidisation. 

Both the a-Si/Al and the a-Si/(001) Si interfaces show 
roughening of about 6 ML when bombarded with Ar~ 
ions at 3 keV. Similar roughening of the interfaces was 
observed on GaAs, bombarded at lower (1.6 keV) ion 
energy (3-4 ML). The interface roughening between the 
substrate crystal and amorphised top layer was investigated 
i i t iicr v ' nts (Bu!ie-Lieu £airr 

1987; Yokota et a!., 1990 etc.). However the free surface of 
the amorphized top layer was found to be atomically 
smooth. According to our measurements this might be the. 
consequence of an oxidation process or viscous flow 
(Chason et al., 1994). In our experiments both phenomena 
are hindered. Roughening was not observed on GaAs and 
silicon surfaces (Barna et al., 1998) bombarded with Ar + 
ions at 250 eV (at 0 = 85°); the decrease of surface rough- 
ness results in a clear HRETV1 image with homogeneous 
contrast. 



4. Conclusions 

In this work we have shown that improved-quality 
HREM samples can be prepared by reduction of the ion 
energy to the range of 1 25-250 eV during the final stage 
of ion milling. This improvement is due to a reduction in the 
damaged-layer thickness and hindering of surface roughen- 
ing. Samples sensitive to oxidisation cannot be prepared 
without an amorphous covering layer, which also avoids 
surface roughening and results in better images as well, 

Contradictory ion beam damage results can be found in 
the literature, due to poorly defined experimental conditions 
(ion content, difference between the nominal and actual ion 
energy). 

The dependence of ion beam damage on the angle of 
incidence should be investigated in the range of grazing 
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